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Motivations

- Clear-sky OLR (OLRc) sensitivity to water vapor lesn widely studied
over the last decades (Sinha and Harries 1997, Spanddraswell 1997,
Huang et al. 2007, Dessler et al. 2008).

- However, many of these studies have focused on théaiggnsver
oceans and not over the different kind of tropicéiisapical land surfaces.

- OLRc sensitivity studies to water vapor are essentia@ijopmed on mean
states of the atmosphere or through the kernel agipi(&oden et al. 2008).
We want to develop a different strategy based oexaaustive
representation of the OLRc field with a simple modebider to bring out
robust features of the dependence of OLRc to thedhtynfields and their
characteristics at different time scales.




Outline

| — Hypotheses and framework for the simple OLRc model
| — 1. TS sensitivity
| — 2. FTH sensitivity
| — 3. The two-parameter statistical model

Il — OLRc sensitivity studies at interannual time scales
Il — 1. Synthetic OLRc field
Il — 2. Variability experiment on FTH
Il — 3. Evaluation of FTH time variablity in two GCMs

lll — The two-parameter model at climate time scales
Il — 1. IPSL-CM5 RCP runs
lIl — 2. Climate sensitivity in the simple model framank

IV — Conclusion and outlooks




| — Hypotheses and framework

Brightness Temperature (K)

| — 1. OLRc sensitivity to TS

- For all the IR radiation calculations we use thecsally resolved
MODTRAN® radiative transfer model (1 cm”-1).

- OLRc window (8-12 um) flux is essentially sensitivelie Surface
Temperature (TS) for a Tropical/Subtropical profile
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| — Hypotheses and framework

| — 2. OLRc sensitivity to RH Wil
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| — Hypotheses and framework
| — 3. Definition and validation of the S|mple OLRo0el
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- We perform a bilinear regression of the £ =078
model on nighttime collocated CERES-SSF
(OLRc/TS) and METEOSAT (FTH) data. ThefY
a, b and c coefficients are determined for three -« | | Océan
different types of surfac&cean, Land and b EET -
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- Statistics are satisfying, we consider
the model accurate enough to estimate . o
nighttime OLRc at small space-time
scales with TS et FTH fields.
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(top-right) Scatterplot between the data
and the fit and (bottom-right) mean
differences between the fit and the
CERES data for JJA (2002-2003).
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| — Hypotheses and framework

| — 3. Definition and validation of the simple OLRode|

- OLRc monthly mean field: (left) nighttime mean OLRom the two-parameter model
and (right) the equivalent field from CERES-SRBAYS? june 2004
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Il — OLRCc sensitivitystudies

Il — 1. Synthetic OLRc field from TS and FTH

- We build synthetic OLRc fields with one estimate pght from METEOSAT FTH
data and TS from ERA-I. We have 20 years of thesefields which allow us to
compute OLRc for JJA and DJF seasons for interarstuédles or to estimate the mean

annual cycle of OLRc over two decades.

TS field FTH field OLRc synthetic field



Il — OLRCc sensitivitystudies

Il — 1. Sensitivity experiments to time variability

- We replace each nighttime FTH value by its meanatblogy value of the regime
considered.
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- The mean OLRc is then computed with the full
time variability fields :

Mean OLRc synthetic field




Il — OLRCc sensitivitystudies

Il — 1. Sensitivity experiments to time variability

- We replace each nighttime FTH value by its meanatblogy value of the regime
considered.
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- The mean OLRc is then computed with the full
time variability fields :

Mean OLRc synthetic field



Il — OLRCc sensitivitystudies

Il — 1. Sensitivity experiments to time variability

- We replace each nighttime FTH value by its meanatblogy value of the regime
considered.
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- The mean OLRc_fth is computed with no FTH
time variability :

Mean OLRc_fth synthetic field
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Il — OLRCc sensitivitystudies

Il — 2. JJA interannual sensitivity

- For the JJA season, we compute OLRc replacing kT variability by its

climatology mean value (left). We then map theat#hce between the means OLRc_fth
and OLRc (rifght) in order to evaluate the impacsoth experiment. We want to
identify where the mean of OLRc is the most sensitov FTH time variability.
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Il — OLRCc sensitivitystudies

Il — 2. JJA interannual sensitivity
- (left) 2D distributions of FTH associated to theRz fth minus OLRc anomalies

seen on the map and (right) some exemples in 10t¢dlrdwo FTH regimes are

identified : High mean value symmetric FTH PDF haueegligible impact on
OLRc mean while asymetric PDF with an important fi@cof dry values (FTH <
15%) have a non-negligible impact on OLRc.
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Il — OLRCc sensitivitystudies

Il — 3. GCM evaluation

- We want to evaluate this behavior on two GCMs (G&88 IPSL). In order to see
if the field variability are well represented, we tthe same kind of experiment :
We first create the FTH field for each GCM (RTTOY,-¢ompute OLRCc fields
with the simple model and do the variability expsent.
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Il — OLRCc sensitivitystudies

Il — 3. GCM evaluation

- JJA season over approximately two decades (1984)20
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lll — OLRc simple model at climate time scales

Il — 1. Profiles in the IPSL model
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lll — OLRc simple model at climate time scales

Il — 2. Spectral differences between the atmosghsates
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- (left) OLRc spectral differences between the fo@HRprofiles and the pre-industrial
subtropical case. (right) The same differences tifiechin the two spectral bands
window/non-window. The negative contribution in th@n-window is essentially due to
the CO2 forcing while the increase in the windowxfis the response from the system
through higher TS.



lll — OLRc simple model at climate time scales

Il — 3. Sensitivity at climate time scales
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- (left) Vertical sensitivity of the window and namndow spectral band for the
subtropical profile computed by simultaneously pezing each atmospheric layer by the
RH and T differences between RCP8.5 (~1350 ppmv @G@a&)the pre-industrial
reference. (right) Surface sensitivity, only TStpdyations for the same case. The simple
model hypotheses seem reasonably satisfied airtiesscale as well (TS -> WINDOW /
FTH -> NON-WINDOW).



Conclusion/Outlooks

- The development of a simple OLRc model allowedoushtow the sensitivity of this
radiative field to the PDF of FTH. We quantified tihgpact on the OLRc mean of
replacing by a mean field the full time variabildy FTH.

- Two GCMs were studied (GISS and IPSL) and showsatiafying representation of
the variability of the FTH field. This fundamentahture on which depends a correct
estimate of the OLRc field is close to what was fibfor the METEOSAT data.

- The two-parameter model could be used for clisatdes studies since the OLRc
window and non-window bands are still sensitivéhg emission layers associated to
FTH and TS at this time scale.

- SAPHIR data will give us FTH and BLH estimatesisTiill be of great help in order
to study the day conditions for the simple OLRc nladach seems to need the
introduction of such a variable due to the contmuabsorption.

- Developing the simple OLRc model at climate timalss could be an interesting
way to investigate different plausible equilibristates with FTH distributions in a
clear-sky radiation-only approach.



Appendix1

Bilinear regression for nighttime (JJA), 23h-5h:
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Appendix2

Sampling for the estimate of OLRc :
METEOSAT nominal (FTH retrieval) :
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Instantaneous OLRc for the bisat region :
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Appendix3

Bilinear regression for 380
daytime (JJA), 5h-23h: 50
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400

540

Land :

520

OLR_FIT (W/m?)

500

340

320

500

280

260

240

220

biais =

RMS =

R* = 0.81126

1

0.00093 280

4.42626 260

biais =

RMS =

0.00107

13.32466
R? = 0.72817

RTINS T I T S T A M A U S N R A

260

280

S500 320 340 360

OLR_CERES (W/m?)

380

~
O
O

400

380

| 360

Desert :

540

1 n L L 1 L L L 1 L L L 1

220

240

260 280 300 320 540

OLR_CERES (W/m?) 320

OLR_FIT (W/m?)

500

280

LIS IS L ) ) B B

260

— T

bigis =

RMS = 12.66319

— T

0.00050

R? = 0.47431

oo b b i PR e L

1

NI R

260

280

300 320 340 360

OLR_CERES (W/m?)

580

400




Appendix4
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Appendix5

OLRc climate time scale sensitivity in the two bands

Tropical
profile :

Subtropical
profile :
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